PERSISTENT truncus arteriosus is defined as a single trunk arising from the heart and supplying the coronary, pulmonary, and systemic circulations, with no remnants of an atretic aorta or pulmonary artery.'-3 The number of semilunar cusps may vary from 2 to 6. Typically a defect is present in the bulbar portion of the anterior ventricular septum, a defect lying just under the semilunar cusps and entirely different from the usual ventricular septal defect involving or bordering on the membranous portion of the septum. Photographs of an autopsy specimen (case 10) are shown in figures 1 and 2. Considerable disagreement has arisen in the classification of truncus defects, particularly with regard to the inclusion of cases having only bronchial circulation to the lungs. Moragues4 preferred to exclude such cases, whereas Collet and Edwards3 included them as a special subtype. Kjellberg and associates5 included them with the "pseudotruncus" group because of the great clinical similarity. Manhoff and Howe6 included truncus arteriosus in their classification of defects involving absent or anomalous pulmonary arteries. MacGilpin7 separated cases with 1 pulmonary artery from those with 2. Cases have also been classified as to the origin of the trunk, whether from the right ventricle or left ventricle or "overriding," or whether a single ventricle is present. 8 The following simplified classification is modFrom the Departments of Pediatrics, Radiology, and Surgery, University of Minnesota, Minneapolis, Minn. This work was aided by a grant from the Minnesota Heart Association.
ified from those of previous workers. This classification not only follows natural embryologic and anatomic divisions, but also appears to be practical from a clinical viewpoint. Whether the pulmonary arteries arise separately but in very close approximation, or whether the pulmonary artery arises singly and then divides into 2 main branches, is often difficult to decide in individual cases, even at the autopsy table. Since such cases are closely related embryologically and clinically, it appeared logical to combine those cases previously called type 1, type 2, and type 3 by Collett and Edwards.3 On the other hand, the absence of 1 pulmonary artery changes the clinical picture considerably, and to us merits separate classification.
In view of the considerable differences of opinion regarding classification, it seems advisable for individual cases to be referred to in descriptive terms (true truncus arteriosus with pulmonary arteries, true truncus arteriosus with absent pulmonary arteries, etc.) rather than in arbitrary terms (type 1, type 2, etc.). Unfortunately, there are some intermediate cases, with relatively small pulmonary arteries and large bronchial arteries (case 6 in present series). Likewise, as will be discussed later, cases of our type 1 Taussig17 described the typical roentgeiiographic findings of truncus arteriosus, including type 1 and type 3, in infancy as cardiac enlargemerit, pulmonary concavity, upturned apex, a prominent aortic knob, and a "shelf" in the left anterior oblique view. In older patients the heart was said to have a contour similar to a tetralogy of Fallot with severe pulmonary stenosis. If the lungs were supplied only by bronchial arteries (type 3 in our classification), then there was said to be diminished hilar shadows. Gasul and co-workers'2 have also emphasized pulmonary concavity, upturned apex, and prominent; aortic knob. Abrams'8 has described a high "hilar comma" and the frequent occurrence of a right aortic arch in this defect.
In our cases roentgenography has typically shown moderate to marked cardiac enlargement, with right as well as some left ventricular enlargemenit,anid a moderate increase in pulmonary vascular markings. The left atrium was enlarged in about half the cases. No typical cardiac contour was found, but an oval or eggshaped outline, as described by Rowe In only a minority of cases was the "ascending aorta" or "aortic knob" noted to be very large. A "shelf" in the left oblique view w-as seen in only 1 case; incidentally, this "shelf" is frequently seen in cases of true truncus arteriosus with absent pulmonary arteries (type 3 in our classification) or in "pseudotruncus." We found a high "hilar comma" to be present in about half of our cases, particularly in the older patients.
Since the main pulmonary artery segment is absent anatomically in true truncus arteriosus, careful film and fluoroscopic observation should be made to determine its absence. In infants, observation is made difficult by the thymus gland, which so often obscures the region of the main pulmonary artery segment. In the presence of increased pulmonary vascular flow, transposition of the great vessels and its subtypes (transposition with tricuspid atresia, corrected transposition, and single ventricle with transposition and rudimentary outflow for the aorta) are the only other conditions that also have absent main pulmonary artery segments on roentgen examination. Therefore, if the absence of the main pulmonary artery segment can be determined, the finding becomes im-portant in that it immediately excludes a number of conditions. Coupled with the other findings of high "hilar comma," active and often prominent "aorta," and increased pulmonary vascularity, the absence of the main pulmonary artery segment should directone's attention to the possibility of a true truncus arteriosus defect.
Findings on Angiocardiography and Aortography ( With reference to such confusion, they write, "It may be difficult at times to eliminate the possibility of a persistent truncus by this method, but there are certain features that help to differentiate the two conditions. When the ductus fills from the pulmonary artery, the latter usually shows as a large vessel close to the aorta. On the other hand, the vessels arising from the aorta, in persistent truncus, are apt to be smaller than the main pulmonary artery. In persistent truncus, one may detect that the vessels going to the lung arise from the ascending aorta and in this way be able to distinguish them from the ductus which arises from the descending aorta." Singleton and associates16 found aortography of ancillary help in 1 of their cases. Abrams22 also has mentioned possible confusion of truncus arteriosus with patent ductus arteriosus on aortography, but apparently did not consider this procedure particularly useful in diagnosing the former. This confusion is further emphasized by Contro and associates,"3 who reported 4 cases of clinically diagnosed "atypical" patent ductus arteriosus, with retrograde arteriograms showing opacification of the pulmonary vessels from the aorta, but which at surgery proved to be truncus arteriosus defects. Only 1 of our cases had aortography, and in this instance (case 6) it was of some diagnostic help. If aortography is to be performed, it would appear ideal to do the injection through a catheter, with the tip of the catheter in the "ascending arch." One would expect the force of injection to alter locally the hemodynamics of blood flow, and thereby disrupt the "streaming" patterns in the single trunk and allow for simultaneous opacification of the pulmonary arteries and aorta. This would be particularly useful in those cases where the systemic arterial oxygen saturation approaches normal. To be sure, there would be some confusion with a partial truncus (aortic-pulmonic defect), and other diagnostic information would be necessary. (table 4) Our limited experience with cardiac catheterization in this defect does not allow for broad generalizations. Actually, we were misled several times by misinterpretation of the data presented in table 4. It is obvious that pressures in the right ventricle will approximate those in the left. Likewise, because of the ventricular septal defect, the oxygen content in the right ventricle is usually increased as compared to the right atrium. Moreover, a further increase in oxygen content may be expected in the pulmonary arteries, coupled with systemic arterial oxygen desaturation. The oxygen saturations of the pulmonary arteries and systemic arteries may well differ, due to differential streaming. The systemic arterial oxygen saturation may actually be within "normal limits." Considerable difficulty arises in failure to identify correctly the location of the catheter tip when arterial areas are entered. The truncus can usually be entered, but its anomalous location and direction may be confusing if the defect is not suspected ahead of time. There is greater difficulty in entering the pulmonary arteries than in passing the catheter tip up into the aortic arch. In several cases diagnosed clinically but not verified by direct observation we have entered an arterial trunk from an anomalous position and have failed to enter the pulmonary arteries.
Confusion from catheterization, particularly in the cases with borderline systemic arterial oxygen saturation, centers around the exclusion of aortic-pulmonic defect, patent ductus arteriosus, or ventricular septal defect with marked pulmonary hypertension. D'heer and van Nieuwenhuizen23 have described a method of identifying the first of these by passage of the catheter through the defect and then down toward the aortic valve, as well as upward into the arch of the aorta, with films being taken of the catheter in these positions. It is true that a significant increase in oxygen content in the right ventricle would tend to rule out an aortic-pulmonic defect. A nonreversing patent ductus arteriosus can be identified if the catheter is passed through it in typical fashion. A reversing patent ductus arteriosus can be identified by the difference in oxygen saturations of the right brachial and femoral arteries. An isolated ventricular septal defect can be ruled out if the catheter can be manipulated from the aortic arch to a pulmonary artery without a change from an arterial type of pressure tracing. The limiting factor in all of these situations is of course the frequent inability to direct the catheter tip into all of the desired structures. Dye-dilution technics might well be expected to supplement cardiac catheterization as a means of detecting right-to-left shunts in those cases where the shunt is too small to be seen on angiocardiography. Some of the foregoing clinical features are listed in table 6 for use in differential diagnosis. The presence of combined defects, such as patent ductus arteriosus with ventricular septal defect, increases the chances for diagnostic error.
Autopsy and Surgical Findings (table 5) All but 2 of the autopsied cases had a truncus guarded by 3 semilunar cusps. The 2 exceptions had but 2 cusps, but in each of these cases one of the cusps was an obvious fusion of 2 cusps. Clinical findings appeared to be unrelated to the type of origin of the pulmonary arteries, whether arising as separate vessels or as a common vessel. None of our cases had pulmonary arteries arising from opposite sides of the truncus. Instead, the vessels arose from the left posterior aspect of the truncus. Case 13 was an exception in this respect, the pulmonary arteries arising from the right posterior aspect of the truncus, but there was also dextrocardia and a left aortic arch in this case. Although the heart was not a true mirror image dextrocardia, it seems plausible to implicate inversion of the truncus structures.
Five of the 14 cases had associated noncardiac defects, but all of the latter were different.
SUMMARY
Fourteen cases of true truncus arteriosus of type 1 (with 2 pulmonary arteries) are presented, with emphasis on the variation in clinical findings. Three lived to be 7 years or more of age. Growth retardation, respiratory infections, and dyspnea were common features. Cyanosis was not present in all cases. There was usually a precordial bulge, even in infancy. A systolic thrill and murmur along the left sternal border were typical, with occasionally a blowing diastolic murmur along the upper left sternal border in the older patients, but never a machinery murmur. No instances of a "split" pulmonic second sound were reported. Blood pressures were generally normal. The electrocardiogram usually showed right axis deviation and right ventricular preponderance, but the most consistent finding was peaking of the P waves. There was typically cardiac enlargement with an increase in the pulmonary vascular markings. The pulmonary artery segment was usually flat, but in some cases a "bulge" was formed by a left pulmonary artery, generally with a high take-off. A "shelf" was noted only once in the left anterior oblique view.
A "pure" and accentuated pulmonic second sound appears to be a cardinal diagnostic point. Angiocardiography, preferably biplane, is the most informative of the diagnostic procedures, though in cases where differential streaming results in a near normal systemic arterial oxygen saturation, this test, as well as conventional retrograde aortography, will fail to outline the defect. It is with cases in this group that the clinician is likely to make an erroneous diagnosis. Aortography, with injection of the contrast material through a catheter into the "ascending aorta." should be very informative under such circumstances. Dye-dilution technics combined with cardiac catheterization should also be very helpful.
The possibility of truncus arteriosus should be considered in all cases resembling "atypical" patent ductus arteriosus, aortic-pulmonic defect, and ventricular septal defects with marked pulmonary hypertension. A slight decrease in systemic arterial oxygen saturation and inability to enter the pulmonary arteries, together with a ready entry into the ascending aorta, should increase this suspicion. The finding of a large and actively pulsating "aorta" at fluoroscopy in a patient with the other cardiac catheterization findings of a ventricular septal defect and right ventricular hypertension is quite suggestive of a truncus arteriosus, since the aorta is invariably relatively small and inconspicuous in a patient with a left-to-right shunt due to isolated ventricular septal defect. _More-over, in a patient suspected of having a patent ductus arteriosus, especially if it is considered somewhat atypical and cardiac catheterization discloses right ventricular hypertension together with a left-to-right shunt at that level, the possibility of a truncus arteriosus must be considered. SUMMARIO mente parve e inconspicue in patientes con derivation sinistro-dextere in consequentia de un isolate defecto ventriculo-septal. In plus, in un patiente in qui il existe le suspicion de patente ducto arteriose-specialmente si illo pare esser un pauco atypic e si le catheterisation cardiac revela hypertension dexteroventricular insimul con un derivation sinistrodextere a ille nivello le possibilitate del presentia de trunco arteriose debe esser prendite in consideration.
Although cardiac infarction has rarely been observed to occur in patients with active thyrotoxicosis, the authors present 3 such patients discovered during the past 4 years. The clinical course of the 3 patients did not reveal definitive differences between them and others who suffered cardiac infarction in the absence of thyrotoxicosis. The onset of infarction seemed to have been associated with a lesser severity of pain than usual in each of these 3 patients. With the advent of more effective medical measures for suppressing thyroid toxicity, it is conceivable that patients with coronary atherosclerosis and thyrotoxicosis may be relieved of their attacks of angina more readily, but may suffer cardiac infarction when thyroid toxicity is brought under control, unless steps are taken to avoid elevation of serum lipid levels. A further explanation for the rare coincidence of these 2 disorders is to be found in the work recently reported by Rowe et al. They found that the hypermetabolic state of thyrotoxicosis includes the myocardium. When patients were restored to the euthyroid state with treatment, the cardiac output, cardiac work, coronary blood flow, and myocardial oxygen consumption became normal, and the coronary vascular resistance increased.
HARRIS
